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Kyoto to Paris:  A need for top-down constraints to assure the accuracy of CO2 emission estimates
Fossil fuel CO2 emissions in carbon budget
Atmospheric CO2 growth = FF minus Natural uptake 
Ballantyne et al. (2012) Nature
Systematic biases in emission inventories
Guan et al. (2010) Nature CC.
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CO2 in winter time @North America
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GEOS-5 Natur run (Putmann et al.)
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COSMO Nature run (Brunner et al.)
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NO2 column
CO2 column
Atmospheric CO2 seen from observations
GMAO’s 7km Nature run (source: https://svs.gsfc.nasa.gov/11719)
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Need to separate out localized FF CO2 in the presence of other CO2
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Urban observations from 
GOSAT & OCO-2
Kort et al. (2012) GRL Ye et al. (2017) ACPD
Schwandner et al.  (2017) Science
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Schuh et al. in prep 
Why we don’t get urban CO2 obs?
Cloudy
Clear sky
FF
Bio
And remember this observation 
spatial patterns…
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Identifying “dirty” CO2 soundings
Janardanan et al. (2016) GRL
XCO2_ff = XCO2_obs - XCO2_bio - XCO2_fire
GOSAT obs heavily influenced by FF (130k over 6 yrs)
Model: FLEXPART LPDM driven by JRA-55 
Data: GOSAT/NIES L2 (v2.11, 2009-2014) & 
OCO-2 v7 (2014-2016)
Fluxes: VISIT Bio, GFAS fire, ODIAC FF.
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GOSAT 2009-2014 OCO-2 2014-2016
2003-2011
Note: OCO2 data averaged over 1s (~0.1 deg) ; C fluxes are not fully optimized; delta NO2 estimates based on 0.1 
deg L3 data (I tried daily product)
Y = 0.26 X + 1.44 Y = 0.19 X + 2.57
Delta XCO2 vs. Delta NO2
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Delta XCO2 vs. Delta NO2
GOSAT 2009-2014
OCO-2 2014-2016
Slope: 
Slope: 
Reuter et al. (2014) Nature Geoscience
Note: the conversion factor from 
GOSAT/OCO-2 are lot smaller 
(cleaner, the size of footprint, 
underestimating dNO2)
0.26 ppm/1015 moles cm-2
0.19 ppm/1015 moles cm-2
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Global conversion factors
GOSAT 
2009-2014
OCO-2 
2014-2016
Slope: 0.028 *Slope = 0.073
20142003 2005 2007 2009 2011
2004 2006 2008
2010
Reuter et al. (2014) Nature Geoscience Some years (2012 and 2015) behaves really strange
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Regional conversion factor comparison (only qualitatively)
*Slope = 0.073
CO2 decreasing & NOx decreasing 
OCO-2 
2014-2016
CO2 increasing & NOx decreasing
Slope: 0.078 Slope: 0.25
North America East Asia
The GOSAT-based conversion factor slope for East Asia showed a larger increasing trend than other regions (not 
shown)
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Future obs. capabilities: OCO-3 (2019-)
ISS track
OCO-3 glint mode
OCO-3 nadir mode
OCO-3 target mode
OCO-3 city/area 
mode
~100 targets per day
ISS
Day of Year
Lynwood, LA Country
Pavlick et al. working progress
No clouds included (!)
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Summary and ongoing/future works
• Kyoto to Paris - Top-down constraints will be needed to assure the accuracy of emission inventories. Trending is not enough to support the 
successful implementation of UNFCCC. 
• Synergic use of co-emitted species  - To utilize CO2 observations from space for anthropogenic emission studies, we need to do emission 
source attributions.  To be useful for CO2 emission estimations (e.g. combustion efficiency), localized, high-resolution NO2 observations will be 
needed (ideally).   
• OMI NO2 and XCO2 - We calculated the dNO2-to-dXCO2 conversion factor using OMI NO2 and XCO2 from GOSAT and OCO-2.  Currently, 
it lacks the validity of the factor, but qualitatively the derived conversion factors seem to be reasonable.  Compared to SCIA, we have more co-
located observations to look at regional differences.  
• Future satellites - OCO-3 (2019-) should provide snapshots of CO2 plumes.  A challenge will be the data collected at different time of the 
day and season.  GOSAT-2 (2018-) has a new function that help obtaining soundings by avoiding the cloud scenes (it is working in the orbit). 
GOSAT-2 (which is essentially the same instrument as G-1) should yield more soundings than G-1. TROPOMI … exciting!  
• NEXT- Comparing the conversion factors to emission inventories, and/or model predicted conversion factors (we need consistent 
simulations for CO2 and NO2); Implementing top-down CO2 flux estimations using OMI data as aux. data; Coordinating target 
observations among instruments in the orbit (GOSAT-1 & 2, OCO-2 & 3, TROPOMI)
Questions/comments/collaborations?  Tom.Oda@nasa.gov
